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A Study of Fiber Quality in Advanced
Cotton Strains
Lucille Finley/ Ferd W. Self/ and Neva F. Olsen'
Introduction
Cotton ranks first among field crops as a source of total cash farm
income for Louisiana {6) The economic value of cotton to the pro-
ducer is determined by quality of the raw fiber. Factors which affect the
quality of fiber properties include varietal characteristics, environmental
factors, and cultural practices.
Fiber properties have a direct relationship to the rate of spinning
efficiency. Cotton spinners have emphasized the need for fiber having
desirable length, strength, fineness, and maturity to permit an increase
in spinning rate. In recent years the increased speed of spinning cotton
has been estimated at approximately 30 percent.
Improvement of inherent fiber properties begins by genetically con-
trolling natural variation among selected individuals within component
lines and recombining or massing them to develop a variety possessing
satisfactory performance in the field and uniformity in mill processing.
"A cotton variety is not a pure single strain which produces an exact
copy of itself in each successive generation" (5) . Although the physical
properties of length, strength, fineness, and elongation are recognized as
heritable traits, a variety or advanced strain may be affected in level of
expression of these traits by the influence of environmental factors.
Cotton fiber is recognized as a basic structural element highly useful
for textile purposes. Study of this basic structural element is needed to
establish the relationships of its geometric properties of length and
fineness, and its mechanical properties of strength, elongation, and re-
silience to its performance in spinning, weaving, finishing, and service-
ability of the end product.
Review of Literature
Several investigators have reported a significant relationship between
the physical properties of cotton fiber and yarn and fabric quality.
The research of Fiori, et ah (2) pointed out that cotton fiber strength
has a critical relationship to strength of yarn and fabric. Fiber strength,
fineness, and length were properties which contributed most to yarn
lAssistant Professor, Home Economics.
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strength. Yarn strength was cited as the principal criteria used for deter-
mining yarn quality. Stronger yarns were produced from high-strength
cottons than from low-strength cottons for the given yarn numbers and
twist setting. According to Sands, et al. (1) , the strongest fibered cotton,
selected at three strength levels, produced the strongest fabric in the gray,
bleached, and bleached and dyed state for fabric tested in the warp
direction. The authors suggest that the potential fiber strength was not
realized in the filling yarns because the low spinning twist used did
not produce the necessary interfiber bonding.
Strength of yarn produced from blends of high-strength and low-
strength fiber was in direct proportion to the percentage of the strong
and weak fiber, according to Sands, et al. {3) . Yarn strength was studied
for fiber blended in ratios of 25/75, 50/50, and 75/25 for strong and
weak fiber. The two controls (100% strong fiber cotton and 100% weak
fiber cotton) and 50/50 blend were processed into an 80 x 80 print
cloth, warp (30/1, 20 tex) and filling (40/1, 15 tex) . Fiber bundle
strength of cottons was directly related to warp breaking strength of
fabric in the gray; scoured, bleached; bleached, mercerized, and dyed;
bleached, mercerized, dyed, and resin treated. A direct relationship was
found between fiber bundle strength and the strip breaking strength
of warp and filling treated through bleaching, mercerizing, and dyeing.
Fiber length and fineness contribute to the frictional characteristics
of fiber essential for satisfactory drafting operations. Length, fineness,
and maturity are related to efficiency of the cleaning process and the
amount of nep formation, according to Fiori, et al. (2)
.
A direct relationship was shown between elongation of fiber and
elongation of fabric as reported by Sands, et al. (3)
.
Rebenfeld's (5) work' has further shown the relationship existing be-
tween quality of fiber and performance of yarn and fabric. The rate of
ends down in spinning, roving strength, and yarn uniformity was largely
determined by fiber length and fiber length distribution. Strength and
elongation of the yarn at break were associated with fiber strength and
extensibility. Flex-abrasion resistance of cotton fabric was directly re-
lated to fiber stiffness. Tear resistance of fabric was found to depend on
the extension of break of the yarns and was associated with extensibility
of fibers.
Spinning efficiency of a cotton has been closely associated with staple
length.
Materials and Methods
Purpose of this experiment was to determine whether cotton plants
selected for conformation to a pre-determined level of fiber properties-
length, strength, fineness, and elongation—could be sustained over a
three-year period and if these properties were correlated with yield of
lint per acre and other cotton plant characters. The effect of a genetic
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advance in any of these properties would be of particular interest to
producers.
In 1956 and 1957 strains of highly inbred lines were selected for
mechanical mixing and were increased without further selections in
1958, 1959, and 1960. Plants were selected and tested to meet a level of
fiber length, strength, fineness, and elongation according to the follow-
ing specifications: length, 1.06-1.09 (upper half mean in inches) ; strength,
Stelometer, 19-20 grams per tex; Pressley, 85-90 thousand p.s.i.; fineness,
4.3-4.9 micronaire units; elongation, 7.0-7.9 percent. These fiber specifi-
cations are suitable for a wide group of cotton textiles. The original phen-
otype was developed by multiplying strain mixes on an isolated plot
at Bossier City, Louisiana. The selected strains were multiplied in
areas considered to be relatively low for natural crossing. Duncan (4)
reported that the influence of natural selection accounted for an in-
crease in lint percent and fiber and yarn strength for four-generation
cottons multiplied in an environment of high natural crossing at Knox-
ville, Tennessee.
The strains and combinations used in this experiment were field
tested in 1960, 1961, and 1962 at three Agricultural Experiment Stations,
located at St. Joseph, Lecompte, and Bossier City, Louisiana, to deter-
mine whether a genetic advance occurred for fiber length (upper half
mean)
,
strength, fineness, and elongation and certain production and
plant characters including yield, boll size, lint percent, and staple
length. Land preparation, fertilization, and insect control practices used
at each station were those recommended by the Louisiana Agricultural
Experiment Station. Fiber samples were selected from two of the five
plots planted in a randomized block design. The lOO-boU samples were
hand harvested from two replications from each experiment. Plants were
harvested when approximately 60 percent of the bolls were open. All
samples were picked on the same day to remove any variation due to
date of harvest.
The experimental cottons were designated as advanced strain ma-
terials, LaES-56, 57, 58, 59, and 60, respectively, but all of these cottons
were not tested in all years because of certain unforeseen conditions.
LaES-59 cotton was tested at the three locations for all years. The mean
fiber properties for cottons LaES-56, 57, 58, and 60 by year and station
appear in Appendix I.
Stardel and Deltapine 15 were included as commercial checks in the
experiment. Deltapine 15 was from registered seed produced in the pre-
vious year by a commercial firm. Stardel was grown from registered seed
which had been produced on an isolated plot at Bossier City, Louisiana.
Fiber analyses were made in the textile research laboratory at Lou-
isiana State University. All samples were treated under controlled con-
ditions of humidity and temperature for at least 24 hours prior to
testing. Fiber length, upper half mean, expressed as decimal fractions
of an inch, was measured on the servo fibrograph. Fiber fineness was
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expressed as micronaire readings indicating the resistance to passage
of air through a 50-grain plug of cotton in a fixed chamber. Fiber
strength, expressed as an index at 0 gauge, was measured by the Press-
ley fiber strength tester, and as grams per tex at i/g inch gauge measured
by the Stelometer, a pendulum fiber strength tester. Elongation was
expressed as percent stretch or extension of the fiber occurring before
break at i/q inch gauge on the pendulum type tester.
The data were treated by analysis of variance for appropriate com-
parisons among Stardel, Deltapine 15, and LaES-59 cottons by station and
year for each of the fiber properties and plant characters.
Results and Discussion
Mean values of fiber properties for Stardel, Deltapine 15, and LaES-59
cottons are shown in Table 1. The differences between cottons as
measured by the "F" test for each fiber property are shown in Table
2 and calculated yarn strength is shown in Table 3. Differences for fiber
TABLE 1.—Mean of Fiber Properties for Advanced Strains and Two Commercial
Varieties by Years and Locations
St. Joseph
Property Variety 1960 1961 1962
Strength Stardel 8.38 7.76 9.18
(Pressley DPL 15 7.32 7.37 8.36
index LaES-59 8.53 7.96 8.86
0 gauge)
Strength Stardel 19.51 19.32 22.68
(Stelometer DPL 15 17.33 18.62 21.64
grams/tex LaES-59 19.31 19.39 22.47
V& gauge)
Elongation Stardel 6.7 6.1 5.8
(Percent) DPL 15 8.3 8.2 7.1
LaES-59 6.9 6.4 5.9
Fineness Stardel 5.17 4.20 4.94
(Micronaire DPL 15 5.08 4.21 4.94
units) LaES-59 5.15 4.30 4.80
Length Stardel 1.12 1.19 1.09
(UHM DPL 15 1.13 1.16 1.09
inches) LaES-59 1.12 1.18 1.08
Yield Stardel 1108 1159 1040
(Pounds DPL 15 1187 1305 1083
lint per LaES-59 1075 1353 1098
acre)
Boll Size Stardel 5.65 5.90 5.35
(Average DPL 15 6.35 5.90 5.30
weight LaES-59 5.80 5.66 5.40
grams)
Lint Stardel 40.15 38.30 38.55
Percent DPL 15 40.30 38.75 39.70
LaES-59 39.85 39.60 38.75
Staple Stardel 35.0 35.0 34.3
Length DPL 15 34.5 35.0 34.7
(32's inch) LaES-59 34.7 34.3 34.6
Lecompte Bossier City
1960 1961 1962 1960 1961 1962
8.41 8.32 8.96 8.32 8.08 8.67
7.76 7.44 7.88 7.29 7.50 8.25
8.16 8.03 8.74 8.26 8.17 8.83
18.83 20.25 19.58 20.62 21.18 20.39
18.45 19.51 20.13 16.92 17.63 19.62
19.12 19.31 21.26 20.04 19.67 20.36
6.8 5.9 6.1 7.3 7.0 5.2
7.9 7.7 7.3 9.8 8.2 7.2
6.6 6.1 5.7 7.1 7.0 5.4
4.82 4.33 4.81 5.09 4.66 4.84
4.33 4.01 4.52 4.75 4.47 4.55
4.92 4.44 4.76 4.92 4.69 4.59
1.04 1.15 1.03 1.14 1.15 1.01
1.03 1.13 1.08 1.10 1.14 1.04
1.03 1.16 1.06 1.14 1.12 1.03
1141 830 1111 1214 820 378
1226 747 971 1136 750 347
1137 769 1128 1338 776 372
5.45 . 5.70 5.05 6.05 5.20 4.95
5.80 5.90 5.65 6.80 5.45 5.15
5.75 5.75 5.20 6.10 5.10 5.05
40.75 37.45 39.10 39.85 40.30 40.15
41.00 36.55 39.10 40.05 40.35 39.75
41.70 37.25 38.75 39.40 40.45 38.85
34.0 35.5 33.5 34.0 34.0 34.0
33.5 34.5 34.0 34.0 34.0 34.0
33.8 34.5 33.9 34.2 34.1 33.7
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properties by main effects and interaction effects are shown in Table 4.
Correlation coefficients are shown in Table 5.
Fiber Strength—Pressley index showed a highly significant difference
for variety and year. LaES-59 and Stardel were stronger than Deltapine 15
in all years and at all locations. A highly significant difference was found
between Stardel plus LaES-59 and Deltapine 15, as shown in Table 2.
Pressley strength in thousand p.s.i. placed LaES-59 and Stardel above 85.0
thousand p.s.i., established as the lower limit for strength in making
the original plant selections. Deltapine 15 attained the minimum level of
85.0 thousand p.s.i. in the third year only at all locations. The strength
of Stardel ranged between 87.0 and 99.2 thousand p.s.i.
Fiber strength tested at ]/^ inch gauge by the Stelometer showed a
significant to highly significant difference by location, year, and variety,
respectively. LaES-59 and Stardel exceeded the minimum specifications
TABLE 2.-Differences Between LaES-59, Stardel, and Deltapine 15 by Fiber Property
as Measured by the "F" Test
Property Source d.f.
Strength Varieties 2
(Pressley LaES-59 vs. Stardel 1
index LaES-59 + Stardel
0 gauge) vs. DPL 15 1
error 1
8
Strength Varieties 2
(Stelometer LaES-59 vs. Stardel 1
grams/tex LaES-59
-f Stardel
gauge) vs. DPL 15 1
error 18
Elongation Varieties 2
(Percent) LaES-59 vs. Stardel 1
LaES-59 + Stardel
vs. DPL 15 1
error 1
Fineness Varieties 2
(Micronaire LaES-59 vs. Stardel 1
units) LaES-59 + Stardel
vs. DPL 15 1
error 1
S.S. M S. F
6.5826 3.2913 112.7158**
.0324 .0324 1.1096
6.5712 6.5712 225.0411**
.5265 .0292
20.8165 10.4082 17.6380**
.2304 .2304 .3904
20.5932 20.5932 34.8979**
10.6226 .5901
32.3400 16.1700 238.4956**
.0081 .0081 .1195
32.4723 32.4723 478.9425**
1.2200 .0678
.5236 .2618 18.7000**
.0081 .0081 .5786
.5043 .5043 36.0214**
.2536 .0140
Length
(UHM
inches)
Yield
(Pounds lint
per acre)
Boll Size
(Average
weight gm.)
Non-significant "F'
Non-significant "F'
Varieties
LaES-59 vs. Stardel
LaES-59
-f Stardel
vs. DPL 15
error
1.1400
.0225
1.1163
.0934
.!5700
.0225
1.1163
.0467
109.6154*
4.3269
214.6731'
Lint Percent Non-significant "F"
Staple Non-significant "F"
Length
( 32 's inch )
* Significant at .05% level.
•Significant at .01% level.
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of 18.00 grams per tex and were stronger than Deltapine 15. The differ-
ence was highly significant. There was no difference between Stardel and
LaES-59. An increase in strength occurred for Deltapine 15 by year at
each location. The level of strength increased for all the cottons in,
the third year of the experiment, as determined by both laboratory
methods.
Fiber Length—Upper half mean showed a similar response in length
among varieties within year and location and a highly significant dif-
ference between year and location. Fiber was longer for the cottons at
all locations in 1961 and slightly longer in 1960 than in 1962. The
highly consistent response in length among cottons indicates that en-
vironmental factors possibly expressed greater influence than varietal
traits. There was no significant difference in length between LaES-59,
Stardel, and Deltapine 15 (Table 2). Fiber length for all cottons was
below the minimum specification of 1.06 U.H.M. only in 1960 at
Lecompte, and in 1962 at Bossier City.
Fiber Fineness—A highly significant difference was shown among
varieties, years, and locations (Table 4) . The level of fineness was
higher for Stardel and LaES-59 than for Deltapine 15 by year within
location. A highly significant difference in fineness was found between
Stardel plus LaES-59 and Deltapine 15 (Table 2) . All varieties produced
finer fiber in 1961. In certain locations and in certain years fiber fine-
ness exceeded the upper limit of 4.9 micronaire as set in the original
specifications.
Fiber Elongation—A highly significant difference was shown among
varieties and years. Fiber elongation decreased for each cotton by year
within location. LaES-59 and Stardel were lower in elongation than
Deltapine 15 by a highly significant difference. Higher elongation for
Deltapine 15 in this experiment was attributed to varietal difference. A
TABLE 3.-Calculated Strength in Pounds of
Quality
22's Yam Using 3 Factors of Cotton
Variety Year
1960 1961 1962
Stardel
DPL 15
LaES-59
122.32
120.78
120.88
129.72
122.77
128.34
119.49
118.74
115.98
Location
St. Joseph Lecompte
Bossier
City
Stardel
DPL 15
LaES-59
127.28
121.30
126.28
122.92
119.48
120.75
121.30
117.35
122.60
All Locations and All Years
Stardel
DPL 15
LaES-59
123.88
119.65
123.60
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decrease from the pre-selected level for fiber elongation occurred each
year.
Predicted Yarn Strength—Strength was calculated in pounds for 22's
yarns for each cotton by year, location, and for all locations and years
(Table 3) using an empirical equation for three factors of cotton
quality (7) . In 1961 yarn strength was higher and may have been
influenced by fiber length. In 1960 and 1961 predicted yarn strength
for Stardel was slightly higher than for LaES-59 and both were better
than the strength of Deltapine 15. Calculated yarn strength for Stardel
and LaES-59 by location was very close, and both were above Deltapine
15. Yarn strength of all cottons was higher at St. Joseph than at either
Lecompte or Bossier City, Louisiana. Calculated yarn strength by loca-
tion and years ranked the cottons in the following order: Stardel, 123.88;
LaES-59, 123.60; Deltapine 15, 119.65.
Plant Characters—The strains and commercial varieties did not show
a significant difference for yield in pounds of lint per acre or for staple
length in 32's inch, as shown in Table 2.
The mean weight in grams for boll size of LaES-59 strains did
not differ significantly from the inean of Stardel. A significant difference
TABLE 4.-Calculated "F" Values for Main Effects and Interaction Effects of Mean
Fiber Properties of LaES-59, Stardel, and Deltapine 15
Property Variety Year Location
Years x
Location
Variety x
Location
Year x
Variety
Years
x Location
x Variety
Strength
(Pressley index
0 gauge)
112.716** 100.060** 0.287 4.327* 1.529 1.488 2.689*
Strength
(Stelomcter
grams/tex
1/8 gauge)
17.038** 71.560** 4.056* 15.187** 3.960* 2.570 1.090
Length
(UHM
inches)
0.000 106.000** 30.260** 15.250** 0.500 2.500. 14.000**
Fineness
(Micronaire
units)
18.700** 42.024** 6.714** 6.229* 5.943** 2.478 0.178
Elongation
(Percent)
238.495** 69.364** 8.182 8.454** 2.833 0.666 3.833*
Yield
(Pounds lint
per acre)
0.509 16.106** 18.279** 13.508** 1.038 0.217 0.995
Boll Size
(Average weight
grams)
109.615** 7.986* 0.386 2.041 0.059 0.204 0.112
Lint Percent 0.103 13.540** 3.770* 9.635** 0.857 0.967 0.472
Staple Length
(32's inch)
0.000 0.000 18.182** 22.727** 15.625** 6.250** 6.250**
* Significnat at .05% level.
Significant at .01% level.
was found between Deltapine 15 and Stardel plus the advanced strain.
Deltapine 15 produced larger bolls for the three-year average. The three-
year average yield of lint per acre did not show a significant difference
among cottons.
Average lint percent was not significantly different among cottons.
LaES-59, Stardel, and Deltapine 15 had the same average staple length
-34.0/32 of an inch.
The properties under observation did not indicate a high correlation.
Fiber strength indexes as measured by Pressley and Stelometer were
negatively correlated with upper half mean length and elongation of
fiber. Fineness showed a positive correlation with strength but a nega-
tive correlation with upper half mean length. This may be due to the
influence of fiber maturity, which is not shown in the comparison.
A positive correlation was shown between yield of lint per acre
and boll size. Lint percent indicated a negative correlation with upper
half mean length and a positive correlation with fiber fineness. The
two measurements of length of fiber—upper half mean and staple length
-indicate there is correlation with yield of lint. Lint percent showed
negative correlation with staple length and upper half mean length.
TABLE 5.-Correlation Coefficients Among the Properties of Strength, Upper Half
Mean Length, Fineness, Elongation, Yield of Lint per Acre, Boll Size, Lint Percent,
and Staple Length of Strains and Two Commercial Varieties Grown in Advanced
Strain Experiments at St. Joseph, Lecompte, and Bossier City, Louisiana in 1960,
1961, and 1962
Strength Fine- Yield Boll
(Stelometer Length ness (Pounds Size Lint
grams/tex (UHM (Micronaire Elongation lint (Average Per-
Property gauge) inches) units) (Percent) per acre) wt. grams) cent
Strength .5641* -.4113* .3556* -.5107* -.0721 -.2831* .0493 -.1817
(Pressley index
_
0 gauge)
Strength .1406 .1421 -.4130* -.0177 -.2429* -.1727 -.0034
(Stelometer
grams / tex
gauge)
Length -.4223* .2033* .2152* .2849* -.3823* .5158*
(UHM inches)
Fineness --0492 .1710 .0690 .3834* -.2159*
(Micronaire
units)
.2064* .2445* .1558 .0958
.3922* .1085 .1521
Elongation
(Percent)
Yield
(Pounds lint
per acre)
Boll Size -1061 .2061-
(Average
weight grams)
Lint Percent -.3192*
* Significant at .05% level.
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The plant breeder would be interested in correlation indexes between
properties when improvement in the quality of cotton is under consider-
ation.
Summary
A highly significant difference was found between Stardel plus LaES-
59 and Deltapine 15 in fiber strength, fineness, and elongation.
Fiber strength of Stardel and LaES-59 was higher than fiber strength
of Deltapine 15. Stardel and LaES-59 exceeded the minimum specifica-
tions in all years of the experiment. Stronger fiber in the third year sug-
gests the influence of environmental factors.
Fiber fineness was found to be generally in the upper limits for the
fineness specification. Each cotton produced finer fiber in 1961 at all
locations. Difference among cottons was significant.
Fiber length was not different among the varieties within year by
location. Longer fiber was produced by all cottons in 1961.
A progressive decrease in percent fiber elongation occurred for each
cotton by year at each location. Deltapine 15 maintained the minimum
level of 7.0 percent. The property of elongation was not maintained at
the selected level for LaES-59 and Stardel.
Except for elongation, the performance of LaES-59, based on selected
specifications for fiber length, strength, and fineness, was controlled
and /or maintained by mechanical mixing, although the experiment was
conducted in areas considered to be relatively low for natural crossing.
Quality of the cottons was further projected by calculating strength
for 22's yarn using three factors of cotton quality. LaES-59 was com-
parable to Stardel, and both were higher than Deltapine 15.
Deltapine 15 produced larger bolls for the three-year period than the
other cottons.
A varietal difference in average staple length was not shown among
the cottons.
LaES-59 yielded slightly more pounds lint per acre than Stardel and
Deltapine 15.
Correlation coefficients showed a positive relationship between yield
of lint and boll size; and between lint percent and fiber fineness. Nega-
tive correlation coefficients were shown between upper half mean length
and fiber elongation; and between fineness and lint percent.
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APPENDIX I.—Mean of Fiber Properties by Years and Locations for Advanced Strains
of LaES-56, LaES-57, LaES-58 and LaES-60
St. Joseph Lecompte Bossier City
Property Variety 1960 1961 1962 1960 1961 1962 1960 1961 1962
Strength
(Pressley
0 gauge)
LaES-56
LaES-57
LaES-58
LaES-60
8.28
8.22
8.32
8.10
7.83
8.94
8.88
8.86
8.84
8.44
8.77
8.02
7.95
9.02
9.50
8.78 8.42 8.80
Strength
(Stelometer
gauge)
LaES-56
LaES-57
LaES-58
LaES-60
18.68
19.51
20.11
19.25
18.44
23.05
22.05
22.94
22.07
19.04
19.21
19.42
19.24
19.25
21.94
21.16 20.33 20.58
Elongation
(Percent)
LaES-56
LaES-57
LaES-58
LaES-60
6.8
6.1
6.3
6.3
6.2
6.0
6.1
5.5
5.8
6.2
6.0
5.9
5.9
6.4
5.4
5.6 6.8 5.2
Fineness
(Micronaire
LaES-56
LaES-57
LaES-58
LaES-60
5.08
4.38
4.52
4.41
4.50
4.74
4.61
4.89
5.05
5.06
5.02
4.50
4.59
4.84
4.66
4.69 4.84 4.64
Length
(UHM
inches)
LaES-56
LaES-57
LaES-58
LaES-60
1.14
1.18
1.16
1.18
1.20
1.10
1.09
1.08
1.09
1.04
1.04
1.15
1.15
1.02
1.10
1.06 1.12 1.02
Yield
(Pounds
lint per
acre)
LaES-56
LaES-57
LaES-58
LaES-60
1021
1228
1260
1330
1056
1116
967
1004
1263
1245
1208
899
723
1155
1188
1029 697 364
Boll Size
(Average
weight
grams
)
LaES-56
LaES-57
LaES-58
LaES-60
5.17
6.17
5.94
5.00
5.72
5.09
4.85
5.44
5.59
5.91
5.69
5.81
5.90
5.03
5.80
5.16 5.30 5.08
Lint
Percent
LaES-56
LaES-57
LaES-58
LaES-60
40.00
38.06
39.11
40.04
37.84
37.84
38.27
38.97
39.21
40.53
40.61
37.76
37.28
39.43
38.95
38.74 40.49 38.91
Staple
Length
(32's inch)
LaES-56
LaES-57
LaES-58
LaES-60
34.5
35.1
35.1
35.0
35.0
34.2
34.5
34.2
34.4
33.9
33.9
34.6
35.3
34.0
34.0
34.0 34.q^ 34.0
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